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[57] ABSTRACT 
A topic announcement routine is provided and is called 
by an announce ?ag included in a ?ag ?eld of an author 
selected topic title de?nition in a course material data 
base. Each call of such a ?agged topic causes the rou 
tine to display for a student an announcement that a new 
topic is about to begin, and to make available to the 
student an opportunity to select a command from a 
predetermined set of commands including at least one 
address-generic transfer command. Control ?ags, such 
as an announce flag or the presence of text in the title 
?eld of a topic de?nition, are employed for various 
purposes, such as marking the end of transfer under a 
transfer command for that topic, or disabling selected 
commands of the set. 

19 Claims, 13 Drawing Figures 
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INSTRUCTION SYSTEM TOPIC-INTERPRETING 
METHOD 

This invention relates to a computer-based system 
topic-interpreting method, and it relates more particu 
larly to an arrangement for controlling student transfers 
among topics in instructional material. 

BACKGROUND OF THE INVENTION 

Electronic delivery of instructional material has been 
done in many ways. For example, a US. Pat. No. 
3,566,482 to C. A. Morchand and another US Pat. No. 
3,606,688 to J. Zawels et a1. shown television broadcast 
techniques for distributing instructional material to stu 
dents at widely dispersed television-type receivers. The 
essentially unilateral communication involved in such 
systems requires that course delivery proceed in a pre 
determined sequence with no opportunity for a student 
to alter the delivery pace or to branch to arbitrarily 
selected points in a course. p In a paper by R. Kaplow 
et a1. entitled “TICS: A System for the Authoring and 
Delivery of Interactive Instructional Programs,” which 
appeared on pages 384-388 of Proceedings, Seventh An 
nual Princeton Conference on Information Sciences and 
Systems, which conference took place March 22-23, 
1973, a computer-assisted instruction delivery system 
gave a student some leeway in branching out and setting 
an appropriate pace in proceeding through a course by 
having at the disposal of the student certain global com 
mands. These commands were usable at any time and 
allowed, for example, the repetition of a current topic 
or the branching to certain course nodes speci?cally 
identi?ed by the teacher in the course material in terms 
of a set of keywords which were unique to the branch 
ing points. It has been found, however, that most stu 
dents who are new to the subject matter of a course, or 
to a computer-assisted instructional system, are rela 
tively passive and rarely take advantage of the opportu 
nity to utilize such global ?exibility offered to them 
without substantial guidance. 

SUMMARY OF THE INVENTION 

The present invention mitigates the foregoing prob 
lems of ?exibility in student transfer throughout course 
material in a computer-assisted ‘instruction system by 
exercising control of student transfer action options. 
The options are presented to the student by means of a 
callable announce routine for displaying to a student an 
announcement both that a new topic in the regular 
course sequence is about to begin, and that the student 
has an opportunity to select one command among a 
predetermined set of commands, including at least one 
address-generic transfer command. Contents of the 
command set can be modi?ed by course-author-placed 
binary control ?ags. The commands of the set are avail 
able to a student at only such announcement points. 
An announce ?ag is placed in memory at author 

selectable locations in a course delivery program so that 
each time a program statement at any such location is 
called, the aforementioned routine is executed to pres 
ent the display to the student in a fashion which is com 
mon, at least in part, to all such announcements. Addi 
tional material can be contained in the announcement, 
but it is of a character which is computed by the system 
and added to the display so that speci?c detailed cod 
ing, or keyword speci?cations, which are unique to 
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2 
each node in a tutorial, need not be devised and coded 
by a course author. 

BRIEF DESCRIPTION OF THE DRAWING 

A more complete understanding of the invention and 
the various features, objects, and advantages thereof 
may be obtained from a consideration of the following 
detailed description in connection with the appended 
claims and the attached drawing in which: 
FIG. 1 illustrates a hardware system for running 

computer assisted instruction (CAI) systems employing 
the invention; 
FIG. 2 illustrates a node tree depicting a hierarchical 

organization that can be used for tutorial material in a 
course delivered in the system of FIG. 1; 
FIGS. 3 through 5 show partial maps of the FIG. 1 

temporary memory, used for delivering a course struc 
tured as illustrated in FIG. 2; 
FIGS. 6 and 7 contain the two parts of a process ?ow 

diagram of a topic-interpretor routine to be utilized in 
the central processing unit of the system of FIG. 1; 
FIG. 8 is a process ?ow diagram of a “?nd next ac 

tion” function used in the diagram of FIG. 6; 
FIGS. 9 and 10 depict terminal displays, or screens, 

illustrating an announcement produced during the pro 
cess of FIGS. 6 and 7; and 
FIGS. 11 through 13 are process flow diagrams for 

execution of three transfer commands illustrated in the 
diagrams of FIG. 7. 

DETAILED DESCRIPTION 

FIG. 1 illustrates one typical hardware con?guration 
utilized in the art for operating computer-assisted in 
struction systems. A user terminal 10, such as the Hewl 
ett-Packard HP 2645 terminal, includes a cathode ray 
tube display or screen 11, and an ASCII keyboard 12. 
Terminal 10 is coupled by way of a cable 13 to be oper 
ated in conjunction with a host central processing unit, 
such as, for example, a VAX-l 1/780 computer 16 man 
ufactured by Digital Equipment Corp. This computer, 
as usual, includes a temporary memory 17. Memory 17, 
herein sometimes called primary memory, contains a 
stack for course topic de?nitions, to be described, for 
representing portions of a course, or tutorial, which is 
currently being executed. Memory 17 is provided in 
addition to other memory capabilities (not shown), such 
as the program memory, which are included in the host 
CPU 16. Also coupled to the CPU is a secondary mem 
ory 18, such as any suitable disk system for providing 
bulk storage of the course materials database. That 
database includes digital representations of the textual 
and graphical materials included in a course to be deliv 
ered in accordance with a course delivery program in 
the host CPU 16. Such a course delivery program ad 
vantageously runs on the UNIX TM operating system, 
e.g., the UNIX System V, which has been made avail 
able by American Telephone and Telegraph Company 
for licensing to the public. A description of a UNIX 
operating system is found in a collection of papers com 
prising Vol. 57, No. 6, Part 2, of the July-August 1978, 
edition of the Bell System Technical Journal. 
Courseware for a subject is typically divided into 

topics that can be divided again into subtopics and so 
on. This results in a hierarchically organized outline or 
table of contents. In software terms, a topic is a proce 
dure; a topic may call another topic, which returns to 
the calling topic when done; and such call-and-return 
relations de?ne a topic “tree.” 
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As used in an instruction delivery context herein, the 
term “topic” has a somewhat broader meaning than is 
usually attributed to that term in the context of a body 
of textual material. Thus, a topic is here a procedure, 
sometimes called a “topic procedure,” which includes 
at least two parts to be further discussed herein. One 
part includes several types of control ?ags of binary 
character in which the presence of a bit, a character, or 
a group of characters, has a ?rst operational signi? 
cance; and the absence thereof has a second operational 
signi?cance. Another part of a topic procedure includes 
at least two types of executable elements. One type of 
executable element is an ultimate topic, or “twig,” di 
recting the performance of some function, such as the 
display on the screen 11, of a speci?ed segment of test 
or graphics ‘for consideration by a student. Another 
type of executable element is a production list, includ 
ing one or more condition-action pairs, or “produc 
tions,” each directing the performance of a stated action 
if a stated condition is satis?ed, or if no condition is 
stated. Production actions are often topic calls which 
have the effect of administering a memory stack of 
hierarchically-related, or nested, topics, e.g., call the 
topic de?nition for “Radio Speci?cations” to the stack. 
Other actions, which result in removal of a topic from 
the stack, are called return actions, e.g., remove the 
current topic from the stack and return to the topic 
from which it was called. Still other actions, that are 
neither topic calls nor return actions, serve miscella 
neous functions, such as setting values of variables of 
either a numerical type, e.g, set X equal to l, or a func 
tional type, e.g., set the contents of a memory location 
called “choice” to the one of plural displayed words 
selected by a student. Actions in condition-action pairs 
may also be a subset of the twig-type of executable 
elements. 
FIG. 2 depicts a topic tree for illustrating the concept 

of a regular course delivery sequence for hierarchically 
related topics. The actual mechanism for using the 

' memory stack will be further considered in connection 
with FIGS. 3-5. The tree is drawn with the root topic 
node at the center of a circle, and the ultimate topic 
nodes arranged along the circumference. Nodes in the 
interior of the circle cluster topics into meaningful 
groups. A student typically begins at the center and 
moves toward the periphery for speci?c topics. The 
order of topic execution, i.e., in the regular order of 
course delivery, tends to be clockwise; and the student 
sweeps through the courseware as the hand of a clock. 
The concept of a regular course delivery sequence, or 
order, is an approximation which assumes that all parts 
of the course are considered by the student in the same 
sequence contemplated by the author for a student who 
always gave the right answers when presented with 
questions. 
Alphanumeric reference characters illustrate one 

way to depict the hierarchy of nodes and to show the 
regular course delivery sequence. A dashed line in FIG. 
2 extends along one topic branch of the node tree; and 
the topic and subtopics of that branch become increas 
ingly speci?c as one moves from the central node zero 
along the branch toward the outer circumference to an 
ultimate topic, such as that represented by the node Y, 
which is sometimes called a twig. Assume, for example, 
that a student is completing the action at the twig Y, and 
has been following the regular course delivery sequence 
for some course represented by the diagram of FIG. 2. 
Since there are no more topics at or beyond the level of 
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4 
the twig Y, one ?nds the next topic for execution by 
tracing along the branch inwardly from the node Y to 
the topic node Blc, and then to the next topic node for. 
execution at the level, namely, the topic node Bld. The 
latter topic is the last one in the regular delivery se 
quence under the topic B1 of the illustrated branch, and 
the topic B1 is itself the last topic to be executed at its 
lever under the next higher topic node 1. At the level of 
topic 1, there are, however, additional topic nodes 2 and 
3. Thus, in the regular course sequence, the next topic to 
be considered after B1 has been completed is the topic 
represented by the node 2. Subtopics under topic 2 are 
executed in accordance with the regular course deliv 
ery sequence by completing the topics represented by 
the nodes A2a, A2b, etc. under the node A2. Upon 
completion of the topics of all those nodes at the level of 
node A2, the next step in the regular course delivery 
sequence is to move to the topic next in order at the 
level of the node A2, i.e., the topic represented by node 
B2 and its subsidiary topic nodes. Thus, course delivery 
regularly progresses in the fashion illustrated, passing in 
a clockwise manner around the central node 0 until 
topics represented by all nodes under the node 0 have 
been delivered and completed by the student. 
FIG. 3, and related FIGS. 4 and 5, comprise a mem 

ory map of a portion of the temporary memory 17 in 
FIG. 1, and illustrate the aforementioned topic de?ni 
tion stack. Because of the usual need to conserve space 
in primary memory 17, a topic de?nition in the stack 
includes primarily information representing, as by mem 
ory address pointers, actual course text stored in sec 
ondary memory. The proportion of actual course infor 
mation included in the stack is a design choice governed 
by the type of hardware used to implement the system. 
The column of boxes at the left-hand side of FIG. 3, 

as illustrated, comprises respective topic de?nitions for 
a level of subtopics associated with a particular topic 
node in the nodal tree diagram of FIG. 2. For example, 
assume that the illustrated region of the memory repre 
sents the subtopics under the topic node designated 0 in 
FIG. 2 while a student is considering topic Y. In that 
case, the topics on the stack are those along the dashed 
line in FIG. 2. Thus, the uppermost box, designated 
Topic 0 in FIG. 3, corresponds to the topic node simi 
larly designated “0” in FIG. 2. The next block beneath 
Topic 0 represents Topic 1; and the lowermost block in 
the column, i.e., that designated Topic Y, corresponds 
to the topic node Y in FIG. 2. Subtopics under Topic 0 
are nested in a manner which will be described so that 
a student at any given point in the delivery of a course, 
e.g., at the node Y in FIG. 2, is associated with the 
central node 0 of FIG. 2 through a branch made up of 
a succession of nesting topic relationships. 
Each of the topic regions in the stack portion of the 

memory 17 shown in FIG. 3 comprises the same basic 
elements or structure, but includes different speci?c 
contents, i.e., different address pointers, data, and ?ags, 
or perhaps null information in one or more of the ele 
ments. Such structure, representing a topic procedure in 
memory, with speci?c contents is herein called a topic 
de?nition. That basic topic structure is illustrated for 
the topic 1 in FIG. 3. During course delivery, topics, 
such as those shown in FIG. 3 for a Topic Y currently 
being executed and all topics through which it was 
called to be executed, are included in the stack in pri 
mary memory 17. 
At the outset of course delivery, a topic de?nition is 

added to the stack; and that operation is termed a 
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“push” of the topic onto the stack. The topic most re 
cently pushed onto the stack is the current topic, i.e., 
the topic to be executed currently. As execution of a 
topic is completed, its de?nition is erased from primary 
memory 17; and, in that operation, the topic is said to be 
“popped” off the stack. Administration of the stack to 
control pushing and popping of topics in accordance 
with the course delivery sequence, as modi?ed by stu 
dent input, is accomplished by a topic interpreter which 
will be described in connection with FIG. 6. It will 
become apparent that, as the interpreter operates, there 
is pushing and/or popping of topics with respect to the 
stack to work out to a twig before educationally signi? 
cant information is displayed to the student as a result of 
execution of that twig topic. 
A topic de?nition is made up of a plurality of ?elds, 

each containing at least one register location in the 
primary memory. Each ?eld of a particular type is al 
ways found in the same location of a topic de?nition. 
Such a ?eld may contain one or more segments of text, 
one or more binary ?ags, or one or more addresses 
pointing to other locations in memory, usually the pri 
mary memory, where certain pieces of information can 
be found. Those pieces of pointed information are also 
part of the topic de?nition; and they may, in some cases, 
themselves be topic de?nitions. If a register location 
designated for text or address contains no such informa 
tion at a particular time, it is said to be null. 
One ?eld in each topic de?nition is a link ?eld, and it 

is intended to contain a linking address directing the 
course delivery system to the topic to which it should 
return in the regular course delivery sequence when 
execution of the topic containing the link is completed. 
Such a linking address is accessed at the end of topic 
execution just before the topic de?nition is popped from 
the stack. Thereafter, execution of the next topic in the 
regular course sequence begins. The linking function is 
schematically represented in FIG. 3 by an arrow ex 
tending from a dot in the link ?eld register to the next 
topic block above the representation of that link ?eld if 
there is any such topic left to be executed. If a linking 
address location is null, the course delivery has been 
completed. 
Another ?eld in a topic de?nition is the title ?eld, and 

this contains a topic name register and a topic title regis 
ter. The “title” is the textual version of the topic title, 
which is displayed to a student user of the course at an 
appropriate point in the course delivery. This topic title 
register can either be null or include text, as noted, in 
order to achieve a binary ?ag function. For example, if 
it is necessary during course delivery to see whether or 
not a topic title is present in order to make use of the 
state of the title register as a control ?ag, it is this title 
register content which is sought. The name register is 
an internal identi?cation of the topic that may be used 
to retrieve information about that topic from a ?eld in 
secondary memory. 
The ?ag ?eld comprises several registers for some of 

the different types of binary control ?ags that may 
optionally be present in the topic de?nition for effecting 
predetermined modi?cations of course delivery with 
reference to the topic de?nition in which the ?ag 
apears. If a ?ag is present, the predetermined modi?ca 
tion is in effect for that topic and for all topics called 
from, that is, linked on the stack to, that topic. If the ?ag 
is absent, that modi?cation is not in effect. These ?ags 
are easily modi?able at the convenience of the course 
author when editing input to the course database. Al 
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6 
though the different ?ags are distinguished in the draw 
ing by different characters, each is advantageously im 
plemented by at least one bit in a predetermined loca 
tion of a topic de?nition. For purposes of illustration, 
four types of ?ags (other than the title ?ag) are speci? 
cally shown in the topic de?nition detail in FIG. 3; and 
these four are further described below. Another type, 
not speci?cally shown in FIG. 3, will be described in 
connection with FIGS. 4 and 5. 
A q-?ag is the ?rst one illustrated in FIG. 3. This 

q-?ag, which will be discussed in greater detail in re 
gard to FIG. 13, is used for limiting the extent of trans 
fer from one point to another in a course delivery se 
quence in response to a student-applied quit command. 
When such a command is received from a student, the 
course delivery program automatically scans up 
through the stack until a topic de?nition is found to 
contain a q-?ag in the ?ag ?eld thereof. At that point, 
the scan is terminated, and course delivery resumes at 
the topic associated with the ?ag. 
An h-?ag is written in the drawing as a lower case h 

and is a history ?ag. This ?ag is used for causing select 
able types of student topic completion history to be 
recorded in a ?le kept exclusively for that particular 
student. The history flag can take different forms. If it 
appears simply as a bit in the h-?ag register, the mini 
mum history is recorded and includes simply the_basic 
information that the student entered the corresponding 
topic, and that the student ultimately left the corre 
sponding topic. In other forms, the history ?ag is useful 
for recording information that may be of assistance in 
repositioning a student within the regular course deliv 
ery sequence in accordance with the nature of a particu 
lar lesson or topic being executed. For example, an hr 
history ?ag causes the copying of the complete event 
list (to be described), compiled during the student’s 
execution of the topic, into a student-speci?c ?le in 
secondary memory. If one of the other forms is in use in 
the topic, the presence of an address pointer in the ?ag 
register directs the system to a memory location that 
includes bits in predetermined locations to indicate by 
their respective states which forms of history ?ag are in 
use. 

A disable ?ag d is employed for enabling a course 
author to disable one or more speci?ed commands for 
limiting the student’s options in selectable ways. Those 
options are made available in conjunction with a stan 
dardized topic announcement (to be described). Here, 
again, an address pointer in the d-flag register identi?es 
a memory location which includes bit representation for 
the speci?c commands that are disabled. The disabling 
function has two aspects. In accordance with one as 
pect, it prevents the inclusion of the disabled command 
in the standardized announcement. In the other aspect, 
if the student gives such a command during execution of 
the corresponding topic, even though the command is 
not displayed in the standardized announcement, the 
system simply signals the student that an invalid com 
mand has been received. 
An add ?ag o is employed for enabling an author to 

add one or more commands to the standardized list for 
expanding the student’s options in response to the stan 
dardized announcement. A pointer to an Add Option 
List register identi?es the added options. 
Also included in the topic statement of FIG. 3 are 

three list ?elds that may or may not contain pointer 
address information, depending upon the character of 
the particular topic in one case, and the nature of the 
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results from a student’s consideration of the topic in the 
other two cases. The three are ?elds for a production 
list, an event list, and a variable list, respectively. 
The production list register includes a pointer to a 

linked list of production nodes identifying subtopics 
which can be called under the current topic. So, such a 
node is sometimes referred to as a topic call. The linked 
list of productions is further characterized in that it is 
circular. Thus, the completion of the ?rst projection 
causes the second to be called, and so forth, in sequence 
until the Nth production has been called and completed. 
Thereafter, the ?rst production in the list is once more 
called, as schematically represented by the arrow 20 
looping back from the Nth production to the produc 
tion number 1. An individual production node structure 
memory map is to be described in connection with FIG. 
4. If a topic is a twig, the projection list register contains 
a null value. 
An event list register is also included in the FIG. 3 

topic de?nition. This register contains a pointer to a 
linked list of event nodes in temporary memory 17. In 
event nodes, there may be found information about 
productions which have been completed by the student 
engaged in executing the course. The event list is null, 
either in a topic which is a twig, or in a topic which has 
not yet been started by the student. The event list grows 
as the projections of the topic are considered by a stu 
dent. As each new event consideration is recorded, or 
stored, it is associated with a pointer to a head address 
of a last prior recorded event to facilitate a search of the 
event list. In this case, however, the address linking 
system is not circular. If the student has considered the 
topic before, and if the hr history flag is set, then when 
the topic is called again, the event list is restored to the 
content which it had when the student last considered 
the topic. An illustrative event node structure memory 
map will be describedin connection with FIG. 5. 
The variable list register in the FIG. 3 topic de?nition 

is null for all topics except twigs. In a twig, the list 
contains a pointer to an address in primary memory 17 
where there may be found variable nodes containing 
speci?c data about the results of a student’s consider 
ation of each action comprising the twig. An event node 
also includes a linked variable list of the same make-up 
as the topic node variable list, and will be discussed 
further in connection with FIG. 5. For example, if the 
production had included a test of how much the student 
has learned by consideration of the projection, the vari 
able list would indicate whether the student had passed 
or failed that test. Upon completion of a topic having an 
hr history flag, or upon the student leaving such a topic, 
the system transfers the event list contents to the stu 
dent’s history ?le. 
FIG. 4 depicts a memory map of a production node 

of the type mentioned in connection with FIG. 3. This 
node typically includes four registers, which are advan 
tageously in a ?le in the secondary memory 18 rather 
than being included in the temporary primary memory 
17. 
A ?rst register is a binary ?ag register and contains an 

announce flag bit a. An announce flag bit in the ON 
state, e.g., a binary ONE, places the terminal in a com 
mand mode in which it can receive and execute user 
commands; and it initiates the display of the aforemen 
tioned standardized announcement when the associated 
projection is accessed. The announce bit is also used in 
at least one case, to be described, to limit the extent of 
an address-generic transfer by a student among topics in 
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8 
the course to points where the student can enter further 
commands. An address-generic transfer is one in which 
the command requires a certain type of action, e. g., skip 
or repeat, and does not include, as part of the command, 
a speci?c destination address. The announce flag trans 
fer extent limiting function is often used in conjunction 
with, but is not the same as, the same function of a title 
?ag. A title may be used to identify the transfer location 
for the student. 
The second register in the projection node is an ac 

tion register, and it points to a secondary memory 18 
location containing the machine representation of the 
topic name or other action name with which the pro 
duction node is associated. Other actions might be, for 
example, a return action (to be described) or a simple set 
action, such as “set X 0”, which assigns the value “(12” 
to the variable “X.” A production may itself refer to an 
action, which is a subtopic de?nition, which could also 
refer in its production list to one or more subtopics, 
which refer to actions which are sub-subtopic de?ni 
tions, and so forth. This, together with the topic node 
linking mentioned in regard to FIG. 3, is the topic-sub 
topic-nesting to which reference was previously made. 
If a topic de?nition production list ?eld is null, the topic 
is a twig; and its required action is speci?ed in the twig 
register in FIG. 3 which gives the address of the twig 
instruction in secondary memory. 
A third register in the production node is a condition 

register, and it points to a secondary memory location 
containing a Boolean expression, if one is appropriate 
for the particular production, de?ning the condition 
under which the production is to be executed. For ex 
ample, it may contain an IF statement having an effect, 
such as “do this action only if production 3.2 already 
appears on the event list of the current topic under 
execution.” Alternately, the condition register may 
point to a WHILE statement, having an effect, such as 
“do this action while awaiting a speci?ed student com 
mand input.” 
A fourth register in the production node contains the 

linking, or pointer, address which links the current 
production node to the next one in the circular produc 
tion execution loop indicated in FIG. 3. 
FIG. 5 is a memory map of an event node of the type 

indicated in FIG. 3. This segment of memory also is 
typically located in a ?le in the secondary memory 18. 
Four registers are included in the event node. A ?rst 
one of the four contains the linking address which 
points to the address of the last prior event node which 
was added to the event list. The second register is a 
production name register; and it identi?es, e.g., by pro 
duction number n, the production with which this event 
is associated. 
A third register in the event node is a title register, 

and it may contain a machine-readable representation of 
the title text which would be displayed to a student 
engaged in studying this particular production. This 
title information is copied from the “topic title” register 
of the topic stack in FIG. 3 at the time that the topic 
called by the indicated production is being executed. 
The ?nal register in the event node of FIG. 5 is the 

variable list register, and it also (as well as the variable 
list ?eld of the FIG. 3 basic topic de?nition) contains a 
pointer to a linked list of variable nodes, one node for 
each variable recorded in association with the event, or 
the topic in the case of the FIG. 3 variable list. Each 
variable node includes three registers, as shown for the 
second variable in FIG. 5. A ?rst register contains a 
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pointer to the name of the variable. A second register 
contains the value of that variable, as previously dis 
cussed. A third register is the link register, which con 
tains an address pointing to the next node in the variable 
node group, if there is another in the group. 
The operation of pushing a topic was previously 

mentioned. Topic ¢ is pushed when the interpreter 
starts, perhaps as the result of a student selection; and 
subsequent topics are pushed by topic calls, as in a pro 
duction action. That topic name is used by the course 
delivery system to locate the topic de?nition in a topic 
?le of the database. The topic de?nition thus obtained is 
then placed onto the stack and becomes the current 
topic. If the topic de?nition has a history ?ag set, a 
record indicating the start of execution of the topic is 
written in the student’s history ?le. That record in 
cludes the topic name and, optionally, the time of day. 
If the topic includes a production list, and if the history 
?ag in the flag ?eld is a resume-history ?ag hr, then the 
event list pointer and the current production pointer are 
set to the last values, if any, recorded in the student’s 
history ?le, so that consideration can be resumed from 
that point. 

In the ?eld of computer-assisted instruction, there are 
various course delivery techniques which are known; 
and they include various topic-interpreting techniques 
for controlling the accessing of the different parts of the 
course material in a course database in appropriate seg 
ments and delivering these segments by displaying them 
to a student. Some of these topic-interpreting tech 
niques allow substantial control over course delivery 
sequence by the student, and some do not. The topic 
interpreting technique, presented here for illustrating 
the present invention, is one allowing a student substan 
tial control. The topic interpreter is useful beyond the 
computer-assisted instruction system environment in 
which it is here illustrated. For example, many types of 
user-interactive computer systems include a facility for 
explaining to a user some aspect such as a system com 
mand. The topic interpreter, to be discussed in connec 
tion with FIG. 6, is useful for delivering such explana 
tions. 
FIG. 6 illustrates a topic-interpreting process advan 

tageously employed in a course delivery operation in 
which the present invention is utilized to facilitate deliv 
ery of successive topics and their nested components. 
Respective steps of the illustrating process are either 
readily implementable by those skilled in the art or are 
illustrated in greater detail, in related ?gures, of steps 
which are so readily implementable. The process is 
hereinafter described, and illustrative pseudocode is 
included in the Appendix. 
The topic interpreter decides for the system on what 

branch, and where on the branch, of the node tree the 
system is presently working. Then, the interpreter 
causes an appropriate type of execution to be performed 
for that location. For example, it administers the FIG. 3 
stack structure either to extend topic nesting out (by 
topic actions, or calls) from the root, or central trunk 
portion, toward a twig that enables new information to 
be displayed to a student or to decrease nesting inward 
(by return actions), usually temporarily, to attain ulti 
mately a new set of twigs associated with a different 
topic or subtopic. Having identi?ed a particular twig 
for delivery to the student, the interpreter causes execu 
tion by display of information designated in the twig 
topic de?nition. At appropriate points in the stack ad 
ministration, selected by the course author by a-?ag 
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placement, as already described, the interpreter process 
causes a standardized announcement to be displayed to 
inform the student that a subject matter, i.e., topic, 
change is about to take place, so the student can elect 
how to proceed from that point. 
The main algorithm of the topic interpreter of FIG. 6 

places, or pushes, topic de?nitions onto a stack, such as 
the memory stack illustrated in FIG. 3, and removes, or 
pops, individual topic de?nitions from the stack as exe 
cution thereof is completed by the student. 
The algorithm begins by pushing a ?rst topic onto the 

stack, expands or contracts the stack as course delivery 
proceeds, and ends when the stack is empty. For pur 
poses of illustration, it is assumed, in terms of the FIG. 
2 node tree, that initial topic is the topic No. 0. An item 
on its production list caused topic No. 1 to be added to 
the stack, and an item on the topic No. 1 production list 
caused topic No. B1 to be pushed onto the stack. At this 
point, it is further illustratively assumed that course 
delivery is in some phase of the execution of topic No. 
B1, so topic Nos. 0, 1, and B1 are on the stack. As each 
topic is pushed onto the stack, its link register is loaded 
with the address of the last prior topic pushed onto the 
stack. 
The last topic placed on the stack is the topic which 

is to be currently executed and is, therefore, referred to 
as the “current topic.” In FIG. 6, the current topic B1 
in the illustration previously mentioned, is ?rst tested to 
determine whether or not it includes a production list. If 
not, it is a twig, say, lying at an outer extremity of the 
node tree of FIG 2. When the call for the twig is in 
voked, a protocol, many of which are known in the art 
and comprise no part of the present invention, is in 
voked for executing the twig; and it speci?es the test 
and/or the graphics to the displayed; and it also pro 
vides for keyboard responses which may be solicited 
from the student at the terminal 10. This execution of 
the twig topic is the instructional output point as far as 
a student is concerned. The remainder of the FIG. 6 
process, and any interaction therein with a student, 
relates to administration of the memory stack; and that 
remainder is largely unobserved by the student. Follow 
ing execution of the twig, the process jumps to point E 
in FIG. 6 to perform a return action. 
A return action is one in which the system returns 

from the current topic to the topic from which it had 
been called, and the return action includes the steps 
following point E in FIG. 6. Thus, the values of current 
topic variables, e.g., student test results, are set. That is, 
variables in the list pointed from the current topic vari 
able list register (or from the current production, event 
node, variable list register in the case of a non-twig 
topic) are copied into the variable list of the event node 
for the production of the topic which had called the 
current topic. Next, the topic stack is popped to remove 
the current topic de?nition. Finally, the topic stack is 
tested to determine whether or not it is empty. If it is 
empty, the topic interpretation ends because the course 
is at an end. If the stack is not empty, the process loops 
back to point B in FIG. 6, i.e., steps to the next topic 
(the one from which the topic just popped had been 
called), in the regular course sequence using the linking 
address from the topic just popped; and the new topic is 
tested for a production list. 
When a current topic is reached which includes a 

production list, that list is searched to ?nd the next 
action suitable for execution. The condition of the ?rst, 
or other appropriate, production on the list is evaluated 
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to determine whether or not its condition is true, indi 
cating that an executable action was found. The com 
bined operations of ?nding the next action and deciding 
whether or not an action was found will be hereinafter 
discussed in greater detail in connection with FIG. 8. If, 
in the course, of ?nding that next action, no true condi 
tion is found, i.e., the condition for each action was 
false, execution of the production list stops for lack of a 
new executable action. The process jumps to the point 
B in FIG. 6 to perform a return action, as previously 
discussed. In terms of FIG. 6, there is no variable to be 
set in the case of no true condition, so the topic is 
popped, as noted. However, if an action had been 
found, process tests are made to determine the type of 
action required. 

If the found action is a set action, the value of a vari 
able speci?ed in the action must be recorded in a vari 
able node of the event node of the production. Accord 
ingly, the value of the variable is set in the appropriate 
available variable node of the event representing execu 
tion of the action that had been found. The process then 
returns to the point C to attempt once more to ?nd the 
next action that requires execution. 

Consider the negative result of the set action decision. 
It is indicated in FIG. 6 that an announce decision must 
then be made. The announce decision is based upon a 
determination of whether or not an announce flag is 
present in the announce ?ag register of the production 
node containing the action just found. If an announce 
ment is to be made, the program goes into the command 
mode and branches into the branch G illustrated in 
FIG. 7 herein. That ?gure will now be described before 
resuming description of the process of FIG. 6. 

In FIG. 7, the ?rst step of the process is to calculate 
valid options for the standardized option list. This is 
done by calling a copy of the standardized list from 
memory, adding any options identi?ed by the o-?ag 
pointer in the same de?nition, and deleting any com 
mand options identi?ed by the d-?ag pointer in the 
topic de?nition. That modi?ed list then remains in ef 
fect until a new production node with an a-?ag is 
reached. 
Topic titles characterizing the nature of each com 

mand remaining on the modi?ed standard list are then 
computed. As illustrated in FIG. 10, the system also 
advantageously displays with some transfer command 
options, a computed characterization of command exe 
cution results, such as the computed transfer destination 
in terms of the destination topic title. This computing 
step serves at least two purposes. It enables the system 
to be satis?ed that each transfer represents a valid desti 
nation address before displaying the corresponding title 
text to the student. In addition, the system then saves in 
memory, in association with each of the transfer com 
mand indications, the actual memory address of the 
corresponding transfer destination if that destination 
has been computed, so that, if that particular command 
option is selected, the transfer can be effected promptly 
without further computations. It is evident that, by 
judicious placement of control ?ags by a course author, 
in accordance with educational goals desired to be 
achieved by the author, the student is offered, at appro 
priate points, various transfer options in terms of trans 
fer types. The speci?c destinations, or other result char 
acteristics, for those types of transfer are custom com 
puted by the system for each particular topic without 
the necessity for the author to include speci?c custom 
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12 
ized transfer addresses in the course delivery program 
for each particular topic. 

Next, the student is given a prompt to determine, on 
the basis of a subsequent responsive student command, 
what direction the course delivery should take from this 
point. The student has the options at this point to accept 
the course delivery in the regular delivery sequence by 
giving a ?rst command m, or by giving a command 
indicated by a question mark in order to produce an 
expanded display of the student’s options that are avail 
able, as illustrated in FIG. 10. (Note that those com 
mands are available to a student only when the topic 
interpreter is placed in the command mode by the a-flag 
which initiates the standard announcement.) 
An illustrative display, or screen, for providing the 

aforementioned prompt is illustrated in FIG. 9. There, 
the upper portion of the screen displays text for a topic 
designated 1.1 and entitled “Introduction to Operating 
System Files.” The current subtopic under that topic, 
i.e., the current production action or topic name, is 
entitled “What is a File?”; and text describing a ?le is 
displayed thereafter, several lines being illustrated in 
FIG. 9. At the bottom of the screen in FIG. 9, there 
appear, assuming this screen to be the ?nal twig in the 
delivery of the subtopic, two command options. One is 
contained in a legend “Type m for: File naming conven 
tions.” That legend indicates to the student that the next 
subtopic under the topic “Introduction to Operation 
System Files” will be the subtopic “File naming con 
ventions.” If the student wishes to continue with the 
course in the regular sequence of course delivery and 
move into that latter subtopic, the student simply types 
m, and course delivery proceeds. This is the af?rmative 
result of the Accept test in FIG. 7, and the process 
thereafter returns to point D in FIG. 6. However, if the 
student wishes to consider other possibilities, there ap 
pears below the aforementioned legend a further option 
represented by a legend stating “(or ? to display op 
tions).” The system is also advantageously arranged so 
that a student who remembers the standard option list 
can enter an appropriate command, instead of “?,” at 
this point; and the Read Command function secures the 
appropriate result if it had not been deleted. 
Assuming, however, that the student follows the 

more fundamental procedure of either accepting the 
indicated next topic or calling for the list display, an 
af?rmative result on the Accept test causes the process 
to return to point D in FIG. 6. A negative result is a call 
for help; the system presents the FIG. 10 type of dis 
play; and then it returns to point H in FIG. 7 to await a 
command entry from the student. 

In FIG. 10, there is a display of a standardized set of 
command options (in a different order from that shown 
in FIG. 7) which are made available to the student user 
of the course as a part of the announcement function 
indicated on the screen in FIG. 9. The command op 
tions in FIG. 10, and represented in remaining portions 
of FIG. 7, will be subsequently more fully discussed. 
For the present, however, it is assumed that the student 
selects an option, and that the system performs the 
necessary execution and then returns to FIG. 6 at the 
appropriate point for that command. Selection among 
the FIG. 10 options is made by entering, i.e., typing, an 
appropriate one of the indicated option letters. Some of 
the command options represent transfers to different 
points in the course delivery system, and several of 
those options are also indicated in the illustrative com 
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mand decisions in the subroutine process ?ow diagram 
of FIG. 7. 

It should be noted as the description proceeds that the 
transfer commands are address-generic commands in 
that a student entering a command indicates simply the 
type of transfer movement that the student desires to 
achieve. The system then associates that transfer com 
mand with the result earlier computed and provides 
execution accordingly. 
The ?rst option on the expanded display of command 

options in FIG. 10 (but not shown in FIG. 7) is a repeti 
tion of the m command option to select the next topic in 
the regular course delivery sequence. That is, the stu 
dent decided the help was not needed. Selection of the 
m option at this point has the same effect as before, i.e., 
return to point D in FIG. 6. 
The next option in FIG. 10 is a skip command indi 

cated by the letter s. System response transfers in such 
a way as to skip the next topic just announced and illus 
tratively characterized again as “File naming conven 
tions.” Details of the process for executing the skip 
command will be described in connection with the dia 
gram of FIG. 12. For the moment, however, it is noted 
that the system will skip over the topic entitled “File 
naming conventions” and search the current production 
list for the next announced topic in the regular delivery 
sequence. That search may include a return action. The 
skip search is terminated by locating a top having both 
an a-?ag in a flag ?eld of a production node and a spe 
ci?c title in the title name text ?eld of the corresponding 
event node, and independently of whether or not the 
student has already completed the newly located topic. 
When an appropriate destination, indicated by the con 
trol ?ags, is found, the program returns to point F in 
FIG. 6 (as noted in FIG. 7) to test whether or not the 
stack is empty, as previously described. Assuming that 
it is not, the process of FIG. 6 loops to B and begins the 
production list test in the skip destination topic de?ni 
tion. 

Similarly, if the student types the letter r to enter the 
repeat command, the system transfers the course deliv 
ery back through the current topic event list looking for 
a topic title flag. For the illustrative case in FIG. 10, 
that means a return to the beginning of the topic entitled 
“What is a ?le?” To realize that result, the repeat com 
mand causes the system to go back through the topic 
event list looking for a topic title control ?ag, and reset 
ting both the topic event list and the current production 
pointers as it goes. This enables the user to go through 
the normal sequence of actions for that topic from the 
beginning once more. The achievement of that course 
destination will be described in more detail in connec 
tion with FIG. 11. Upon completing those repeat trans 
fer functions, and as shown in FIG. 7, the program then 
transfers to the point A in FIG. 6 to push the topic stack 
to restore the repeat topic (which is generally the last 
topic with a title that was pushed on the stack by the 
topic from which the announcement was made). 

Entry of a quit command pops the topic stack until 
either the stack is empty, in which case, the student 
leaves the topic interpreter, or a topic with a quit ?ag is 
found on the stack. Upon locating the quit ?ag, and as 
shown in FIG. 7, the process returns to point B in FIG. 
6 to resume execution of the topic with the q-flag. The 
latter alternative of limiting transfer by a quit ?ag repre 
sents a customized procedure that allows a student to 
emerge from the current topic without leaving the 
course delivery system. 
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14 
It is shown in FIG. 7 that various information com 

mands, not shown in FIG. 10, can also be made avail 
able to a student to allow input of information or display 
of information. For example, a student may be permit 
ted to obtain information, such as a list of titles of topics 
near the current topic in a course table of contents, or a 
list of topic titles associated with keywords entered by 
the student, or an explanation of the computer-assisted 
instruction system. Similarly, the student may be per 
mitted to enter comments to be delivered to the course 
administrator’s electronic mailbox. Display of such ma 
terial as is necessary for the information exchange typi 
cally requires the student to order a program return 
when ready; and the process then loops back to point H 
in FIG. 7. 

If no information exchange is selected, the student 
may also be permitted to give either any other com 
mands a course author deems appropriate for inclusion 
in the standard command option set, or any o-?ag added 
command options. Of course, each such command op 
tion involves an appropriate return to FIG. 6. There is 
no FIG. 7 default action, and failure of a student to act 
upon one of the available options stalls course delivery 
at this point. 
The standardized command option display of FIGS. 

9 and 10 can, of course, be advantageously tailored by 
the course author to suit the educational needs and 
goals envisioned by the author. An important aspect of 
having such a standardized display is that it allows the 
author to exercise control over the availability to the 
student of a given set of options by simply placing a 
control flag, i.e., the announce flag, at an appropriate 
point in the memory map of the course delivery system. 
It should also be recalled that even further ?exibility is 
available to the author by including, in appropriate 
topic control ?ag ?elds, the disable ?ag or the add 
option ?ag. Those flags cause the process to disable any 
particular commands which the author deems should 
not be available to the student, or add extra commands 
that should be available, at any particular topic. 

Returning now to FIG. 6 at the announce flag deci 
sion point, and assuming no announcement is to be 
made, a decision must be made as to whether or not the 
current action is a topic action. Such an action is one in 
which the production node action register names a new 
topic, and thereby causes the process to leave the pro 
duction list of the current topic by calling a new topic, 
e.g., Bla, further out on the same branch in FIG. 2. In 
that event, the process transfers to the point A in FIG. 
6; and the new topic is pushed onto the stack, as is 
appropriate for a transfer to the next level of course 
delivery, i.e., moving outward along a branch in the 
node tree of FIG. 2. 

If the topic action decision is negative, the new action 
is not a topic action; so it must be a return action since 
that is the only other type available in the illustration. 
That is, execution of the production limit actions of the 
current topic has been completed to the extent possible; 
and the process must move by way of that topic’s link 
ing address to the next higher topic level, i.e., returning 
inward along the FIG. 2 branch to the topic which 
called the current topic. At this point, selected variables 
are returned to the calling topic. One of those variables 
has the same name as the topic, and is sometimes re 
ferred to as the “topic state variable.” The values of the 
speci?ed variables are recorded in the appropriate 
available variable nodes of thecalling topic’s event ‘ 
representing execution of the current topic just com 



4,541,056 
15 

pleted. Also, the values of variables collected in the 
topic event nodes in the course of execution of the topic 
production list just completed are set in the student’s 
history ?le if an hr history flag is in the flag ?eld of the 
current topic. Upon completion of the setting of the 
return variable values, and possibly recording history 
data, the topic is popped from the production list stack. 
A test is made to determine thereafter whether the stack 
is empty. If the stack is not empty, the process returns to 
the point B in FIG. 6 to test whether or not there is a 
production list in the next linked topic on the stack. On 
the other hand, if the stack is empty, the topic inter 
preter process ends; and, because of the nesting nature 
of the various topics in the hierarchical tree, the course 
is at an end also. 
FIG. 8 illustrates a process ?ow diagram for the 

process of ?nding the next production action with a true 
condition, as previously indicated, following the point 
C in FIG. 6. Initially in FIG. 8, the starting production 
pointer, i.e., the pointer value at the time that the “Find 
next action” subroutine was begun, in the production 
list of the topic is stored for future reference. Then, a 
test is made to determine whether or not the current 
action is in a production which is the ?rst on the pro 
duction list after that indicated by the starting pointer. 
If not, a test is made to determine whether or not there 
is a while condition associated with the current produc 
tion; and, if not, the production pointer is advanced. If 
either test produced an af?rmative result, the condition 
associated with the current production is evaluated to 
determine whether it is true or false. If the condition is 
found to be true, the process returns to point K in FIG. 
6. If the condition is not true, i.e., the production is not 
to be executed at this time, the production pointer is 
advanved in the circular production list to the next 
production thereon. 

After each advance of the production pointer, the 
new current production pointer is compared to the 
starting production pointer. Absent a match with the 
starting production pointer, the FIG. 8 process loops 
back to evaluate the condition of the new current pro 
duction without concern for whether it is ?rst after the 
starting production, or whether it involves a. while con 
dition. If there is a match, it means that the entire pro 
duction list has been considered; and the process returns 
to the point E in FIG. 6 to execute a return action, i.e., 
move up the topic stack to consider the calling topic 
de?nition. 
FIG. 11 depicts in more detail a process ?ow diagram 

for execution of the repeat command previously men 
tioned in connection with FIGS. 7 and 10. This com 
mand operates within only a single topic, and it scans 
the event node stack of the current topic. The process 
begins by testing whether or not the event stack is 
empty, that is, whether or not the event list pointer of 
the current topic is null. If it is null, the current topic is 
simply restarted, beginning with the ?rst production. If 
the event stack is not empty, the process tests to see 
whether or not the current event includes a speci?c title 
text in its event node. That is, it tests for the state of a 
title control flag. If there is no title text, then the process 
pops that event off the event stack; that is, the event is 
removed from the stack in the topic de?nition, and the 
process loops back to determine once more whether or 
not the event stack is empty. If it is not empty, the new 
current event is tested. When an event is found that has 
a speci?c title in its title register, the production pointer 
of the topic de?nition is reset to the production number 
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indicated in that event node. Then, the event on which 
a title test was just completed is popped from the event 
stack. Thereafter, execution of the current topic is re— 
sumed at A in FIG. 6. , 
FIG. 12 depicts a process ?ow diagram for the execu 

tion of a skip command by which a user can skip an 
announced topic action of a production list. The algo 
rithm for skipping a topic involves finding a production 
action on a production list with a true condition and an 
a-flag, which action is a return action or a topic action 
with a title flag in the topic node. When the process of 
FIG. 12 begins, a test is made to determine whether or 
not there is a production list, i.e., the production list 
register is null. If there is no list, the process jumps to D 
in FIG. 12 to perform return action functions similar to 
those described for point B in FIG. 6. If, as a result, the 
stack is found not empty, the process tests for a quit flag 
in the current topic de?nition. If there is a quit ?ag, the 
process goes to E in FIG. 12; and, if not, it loops back 
to A in FIG. 12 to test the production list again. If the 
stack is found empty, the process goes to E in FIG. 12, 
i.e., it ends. Since that ending is an exit (FIG. 7) to F in 
FIG. 6, the topic interpreter stops. 

Returning now to A, i.e., the FIG. 12 production list 
test and its af?rmative result, that result causes the stor 
ing of the starting, i.e., current, production lists status. 
This involves storing the production pointer value and 
the event stack position number of the last completed 
event of the event list. 

Next, for a production with a topic action, a variable 
value, indicating the skipping of the current production, 
is set in a variable node of the event node associated 
with that production in the current topic de?nition, and 
the current production pointer is advanced. If the new 
pointer matches the starting status production pointer, it 
means that wrap-around in the circularly-linked pro 
duction list has taken place. Since there is then no bene 
?t in further search for a transfer limiting ?ag in this 
current production, its event list is restored from its 
state after skipping to its state before the present skip 
function began. The process then jumps to D in FIG. 12 
to execute the return action functions and resume, if 
appropriate, the search for an a-?ag in the calling topic. 

If the new pointer does not match (no wrap-around) 
the starting production pointer, the production condi 
tion of the newly pointed production is evaluated. If the 
condition is not true, the process loops back to C in 
FIG. 12 because the new production is not ready for 
execution; and the production pointer of the topic de? 
nition is advanced again. Otherwise, the condition is 
true; and the new current production action thereof is 
tested to determine its type. It is ?rst tested to see if it is 
a return action by looking for a return-action in the 
location pointed by the value in the action register of 
the production node. If a return-action is found, the 
process jumps to D in FIG. 12 to perform the return 
functions, including popping the topic stack, so the 
search for an a-?ag can resume in the calling topic. 

If an action was not found to be a return action, it is 
tested to determine whether or not it is a topic action by 
looking for a topic action in the location pointed by the 
value in the action register of the production node. If it 
is not a topic action, it must be a set action; and the 
process loops back to B in FIG. 12 to execute the set 
action. However, if the action is a topic action, the 
algorithm of FIG. 12 tests the production de?nition to 
see whether or not it is an announced action, and 
whether or not the topic named in the action has a title. 
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If both conditions prevail, the skip subroutine has 
ended; and (as indicated in FIG. 7) the process exits to 
F in FIG. 6. However, if either ?ag is missing, the FIG. 
12 subroutine loops back to B to set a variable indicating 
that the topic action is being skipped. 
FIG. 13 depicts a process ?ow diagram for the execu 

tion of the quit command. This command execution 
begins with the popping of the current topic from the 
topic stack illustrated in FIG. 3. That takes place, 
whether or not the current topic has been completed. 
The linking address of the popped topic is also checked 
at this point in the program; and if it is null, the stack is 
empty, i.e., the last topic has been popped therefrom, 
and execution of the topic interpreter program ends. 
However, if the stack is not empty, there will be an 
address in that linking address register; and the program 
transfers to that address to call up the next topic de?ni 
tion. In that new topic de?nition, the flag ?eld is 
checked to determine whether or not there is a q-?ag 
present. If there is no q-?ag, the process loops around to 
pop that topic from the stack and check again to see 
whether or not the stack is empty. However, if there is 
a q-?ag in the ?ag field of the new topic, the process 
then continues (at point B in FIG. 6) with execution of 
that new topic in accordance with the procedures of the 
topic-interpreter program previously discussed in con 
nection with FIG. 6. 
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A process like that of FIG. 13 is also used in the case 

of an optional added command using the o-?ag. For 
example, if the added command were f-“f1nd new 
topic using keywords,” and the student selected it, the 
process of FIG. l3—-checking for an of-?ag, instead of 
the q-?ag—causes a search of the entire topic stack as it 
exists at the time. If no of-?ag is found on the stack, then 
the interpreter stops. In this way, control is transferred 
back to the process that invoked the interpreter. 

It should be noted at this point that a conventional 
ASCII keyboard usually includes a “break,” e.g., DEL, 
key. The student can, by using that key, enter a break 
command at any time during course delivery without 
awaiting the display of an announcement of command 
options. The entry of a break command, when in the 
present course delivery program, has the same effect as 
the entry of a skip command received following an 
announcement display, and which has been hereinbe 
fore described. 
Although the present invention has been described in 

connection with a particular application and embodi 
ment thereof, it is to be understood that additional appli 
cations, modi?cations, and embodiments, which will be 
obvious to those skilled in the art, are included within 

* the spirit and scope of the invention. 

APPENDIX 

PROCEDURE interpret__topic 
BEGIN 
CALL push__topic 
D0 

IF (current topic is production 1 ist) 
BEGIN 
CALL find__action 
IF (val id product ion action found) 

IF (set action) 
CALL.record_event 
IF (announce flag) 

CALL command_option 
IF (production action ready 

signal set) 
CALL topic__stack 

CALL topic__stack 

ELISE‘ 
. BEGIN 

END 
ELSE 

ELSE 
CALL 

END 
ELSE 

CALL twig__topic, 

pop_topic 

UNTIL (topic stack is empty) 
END 

PROCEDURE push__topic 
BEGIN 
create topic node 
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read topic definition from secondary ‘memory 
add topic node to interpreter stack 
END 

PROCEDURE pop_topic 
BEGIN 
create returned variable list 
remove current topic from interpreter stack 
IF (current topic is ‘a production list) 

CALL record_event 
ELSE 

add returned variable 1 ist to twig variable 1 ist 
END 

PROCEDURE record__event 
BEGIN 
create event node 
record production number 
record variable list 
add event node to event list 
END ' 

PROCEDURE topic_stack 
BEGIN 
IF (topic action) 

CALL push_topic 
ELSE IF (return action) 

CALL pop_topic 
END 

PROCEDURE find__action 
BEGIN 
store pointer to current production (starting pointer) 
IF (first action flag set or "while" type condition) 

evaluate production condition 
WHILE (condition evaluation not "true") 

BEGIN 
advance production pointer 
IF (pointer equals starting pointer) 

RETURN no action found 
evaluate production condition 
END 

RETURN action found 
END 

PROCEDURE command_option 
BEGIN 
create list of valid command options 
IF (topic action) ~ 

read topic title from secondary memory 
display simple prompt 
W-HILE (TRUE) D0 










